Abstract The demand for animal protein especially fish is expanding due to the population growth, increased incomes and changes in eating habits and life styles. The capture fisheries in Malaysia which supply over 70 % of the fish used for food are over-exploited, and the yield has become stagnant over the last decades and in some cases it has even declined. In addition, the balance of trade for the past decade has been negative signaling a threat to the economic growth. However, aquaculture has the potential to meet these challenges if it is well practiced. This can be done through improving productivity of fish farms. The study aims to compute the total factor productivity (TFP) growth and its components. In addition, it aims to identify the sources of TFP growth in aquaculture. Malmquist Productivity Index using data envelopment analysis and regression model has been employed to analyze the data. The TFP growth was estimated to be greater than one, indicating progress in the productivity. According to the results obtained in this study, technological change is the more important contributor to TFP growth. Nevertheless, efficiency changes also play a vital role in improving aquaculture production.
Introduction
Cage fish farming is one of the fastest-growing sub-sectors in aquaculture and is supported continuously by the Government under the National Agro-Food Policy. The sub-sector has also gained priority by being one of the 16 different entry point projects (EPPs) in the agriculture sector under the new key economic areas (NKEAs) of the economic transformation program. The industry is expected to make a major contribution to meeting the increasing demand for animal protein due to the population increase and household income growth through the adoption of a new model known as the EPPs for the integrated cage aquaculture initiative. Under this initiative, large water bodies, mainly rivers, lakes, dams, reservoirs and abandoned ex-mining pools, are identified for freshwater cage aquaculture usage, with shrimp, prawn, tilapia, catfish and carp being the most common species cultured. At present, about 3,000 hectares of freshwater bodies are available for cage fish farming development in the country (Yew et al. 2007 ). The total production from this subsector is anticipated to increase and ensure food security through various incentives provided by the EPPs under the NKEAs.
The production of cage fish farming in 1983 was a mere 10.11 tons, worth only RM 31,680.00 (USD 10,560.00). Nevertheless, the production of cage fish farming soared by about 57.2 % from 2005 (6,254.17 tons) to 2010 (9,828.61 tons). Similarly, its value rose from RM 39.60 million (USD 13.2 million) in 2005 to about RM 79.18 million (USD 26.39 million) in 2010. A recent report from the Department of Fisheries Malaysia shows that the estimated production from freshwater cage farming in 2011 was 36,454.35 tons and was worth about RM 106.78 million (USD 35.59 million) . This is unlike land aquaculture, the production of which shows a declining trend for the last decade, perhaps due to the conversion of land use to residential and industrial purposes. This situation leads to agricultural land becoming scarcer; hence, land prices or rental rates increasing and making it hard for small-scale fish farmers to expand their farms. Therefore, cage fish farming seems to be a feasible investment option. The question that needs to be addressed is how to increase production for the cage fish farmers to meet demand for fish protein due to the population growth, increased incomes and changes in eating habits and life styles. This can be achieved through improving the productivity growth (i.e., more output per unit input) of the sub-sector.
However, various past studies have used Malmquist Productivity Index (MPI) to estimate total factor productivity change (TFPCH) in agriculture (Karanja et al. 2012; Jan and Lips 2009; Odeck 2007; Sipiläinen 2007; Newman and Matthews 2006; Lansink and Ondersteijn 2006; Lansink and Bezlepkin 2006; Tipi and Rehber 2006; Helfand and Levine 2004; Nkamleu 2004; Paul et al. 2004; Umetsu et al. 2003; Thirtle et al. 2003; Gutierrez and Gutierrez 2003; Ruttan 2002; Fraser and Hone 2001) and also in manufacturing industries (Miguéis et al. 2012; Moreno 2008 Moreno , 2010 Moreno , 2012 Jajri and Ismail 2007; Wadud 2007; Färe et al. 2001 Färe et al. , 1997 Färe et al. , 1995 Färe et al. , 1994 Chuang 1996; Kim and Lau 1994; Chen and Iqbal 2004; Mahadevan 2002a, b; Veeman 2000, 2001; Ray and Desli 1997) . However, the application of this method to compute TFPCH in aquaculture is limited but has started to gain popularity in recent years Vassdal and Holst 2011; Pantzios et al. 2011; Hassanpour et al. 2010; Kaliba et al. 2007; Martinez-Cordero and Leung 2004) . None of these studies employed this technique to investigate productivity growth in cage fish farming. Therefore, it is against this background that the study aims to investigate technical and technological changes in cage fish farms using MPI.
Methodology

Data and variables
According to , two different period data of particular firms can be used to estimate total factor productivity (TFP). Therefore, data for the same fish farmers in two production periods only were used to estimate TFP due to limited information. The first data were collected from cage fish farmers located in the state of Pahang by Department of Fisheries, in 2009. This state is purposively selected due to its high concentration of active cage fish farmers that constitute about 53 % of the total cage fish farmers (719) in Malaysia. The state was further divided into districts or clusters using cluster sampling. However, two representative districts were selected for sampling, namely Pekan with 155 sample sizes out of 384 farms and Temerlor with 45 sample sizes out of 112 farms (total of 195 cage farms). The selection of these two districts was also because of their high concentration of active fish farmers (69 %) pertaining to cage culture. In addition, homogeneity of the cage fish farms in these areas is assumed since they are using the same production techniques and practiced in a similar environmental condition (freshwater lakes and rivers). The second data were equally obtained from the same set of fish farmers in 2013 using the same method, which indicates that the interval between the two periods under consideration is 4 years. However, some of the fish farmers surveyed in the first study are inactive or unavailable and hence excluded from the study. Furthermore, some of the questionnaires were not properly filled and are discarded from the study. Thus, reducing the sample size to 169 that are present in both periods from that the TFP change was estimated using MPI.
The fish farmers use four inputs stocking density, feed, labor and other costs to produce one output. Asche and Roll (2013) in their studies of determinants of inefficiency in Norwegian Salmon Aquaculture also used one outputs (kg) and three inputs: feed, labor and capital. The output represents the total quantity of fish produce measured in kilograms. Table 1 shows that there is a substantial increase in average output from 2009 to 2013. However, the total quantity of fish produced does not perfectly quantify the output variable in the productivity analyses due to the multiple-output production structure of cage fish farming. Thus, a better way to measure the outputs is to use a geometric mean or Quantity Index Based (QIB) on revenue shares or prices for different species of fish. This is not possible due to the lack of data to compute the QIB, i.e., prices and revenue production data by fish species (Sharma and Leung 2000) . The stocking density variable is to be measured in weight because of the variation in fingerling sizes. However, the majority of the sample fish farmers lack information on fingerling weight. Hence, numbers of fingerlings were used as a proxy for stocking density. Nevertheless, there are not much differences in the average number fingerlings used between the two periods under consideration (Table 1) . Feed is one of the most important inputs of fish farming and constitutes the major portion of the production costs. Fish farmers keep records of the quantity of commercial feeds used to nourish their livestock. The average quantity of commercial feed used has reduced drastically by about 50 % between the two periods maybe due to escalating feed price that perhaps led to cage fish farmers to opted for non-commercial feed that is cheaper and readily available. However, records of non-commercial feed, such as chicken guts and household food waste, are not available and hence are not included in the analysis. Labour is measured by the total hours spent by family members and hired workers on the farm. Cage fish farming is labour-intensive as a great deal of time is needed to carry out the farm activities. This may be the reason of increased in time spent on the farm operation between the two periods. Other input costs are measured in monetary terms and capture the effects of operational costs. These include the cost of transportation, fuel, maintenance and repairs, electricity, phone, interest rate, rent, insurance, medicine, consultancy and depreciation. However, these individual inputs may have different impacts on production. Thus, it would have been better to use data on some of the single inputs, but reasonable numbers of sample fish farmers have zero values for these individual inputs (Coelli and Battese 1996) . The cost of other inputs also increased from 2009 to 2013 perhaps due to inflation.
The reported standard deviations are relatively high perhaps due to estimated means values were far apart from most of the figures in the data set. However, many recent efficiency studies in aquaculture have also reported large values for standard deviations (Arita and Leung 2014; Asche and Roll 2013; Alam et al. 2012 ).
Model specification
The MPI is commonly employed to measure changes in TFP index for a decision making unit (DMU) or firm over two or more periods of time. defined TFP as a measure of the ratio of all output produced to all inputs utilized in the production process of any products. Price and cost data are not necessarily required when applying MPI to measure TFP. The MPI has the advantage of dividing TFP into its two components, technical efficiency change (EFFCH) and technological change (TECHCH). Furthermore, the EFFCH can be subdivided into pure technical efficiency change (PECH) and scale efficiency change (SECH). However, DEA models can be used to estimate the distance functions that are applied to compute MPI as proposed by Färe et al. (1994) . These distance functions evaluate how far DMU or firm is from its optimal production relative to other DMUs or firms in a given sample.
Following Färe et al. (1994) , an output-oriented MPI can be expressed as follows:
The d denotes the distance function, whereas the subscripts o and c represent outputoriented method and constant return to scale (CRS), respectively. Similarly, m o represents MPI that measures the TFP of a DMU producing (x t?1 , y t?1 ) in second period (t ? 1) relative to the DMUs production in the first period (t). The negative, static and positive growth of TFP from first to second periods are denoted by value less than one and one or greater than one, respectively.
As earlier mentioned, the MPI can be further divided into two components, EFFCH and TECHCH. Therefore, to estimate these components of TFP, we can now express Eq. (3.11) as follows:
The term outside the bracket represents EFFCH, while the one inside the bracket denotes TECHCH. The EFFCH estimates the change between observed production and maximum potential production for two different periods (period t and period t ? 1) and indicates whether the observation is close or far from the production frontier over time. In case of TECHCH, the first ratio inside the bracket evaluates the shift in the production frontier observed in period t ? 1, while the second ratio captures the shift in production observed in period t (Grosskopf 2003) .
As aforementioned, in order to have a depth insight of TFP, the EFFCH is further divided into two measures, PECH and SECH. The two measures of EFFCH can be computed using the formulae below:
The subscripts (o and v) denote output-oriented model and variable return to scale (VRS), respectively. Generally, the MPI should be computed under the assumption of CRS technology to estimate EFFCH. This is because estimates of TFP may probably not be computed appropriately when assuming a VRS technology as noted by Ray and Desli (1997) and .
In order to measure input-oriented productivity growth between two periods (t and t ? 1), which is a product of technical efficiency change and technological change, however, we need to use four DEA-like linear programming models (Färe et al. 1994 ) and must be estimated for each fish farm in the sample . The software used to solve these models is DEAP version 2.1 (free online), which was developed by Coelli (1996) .
Following (Färe et al. 1994) , the four models required to estimate TFP change are given as follows: )} -1 are the mixed-periods input distance functions where production points are compared with production frontier at different time periods, and thus, the value of technical efficiency estimates need not to be between 0 and 1 as in it must be when using Eqs. (5) and (6); h is the technical efficiency measure for n DMUs associated with m inputs set x kj (m = stocking density, feed, labor, costs of other relevant inputs) and s output set y rj (s = different type of fish products); n is the number of DMUs (j = 1,…,n); m is the number of inputs (i = 1,…,m); s is the number of outputs (r = 1,…,s); k (lambda) is a nonnegative vector that allows the construction of production possibility set for each DMU; (Färe et al. 1994) . On the other hand, the weight vectors define the production frontier of efficient DMUs that set a target to be achieved by inefficient DMUs. The model seeks to find optimal values of k that are used to construct efficient production frontier. Therefore, since the model implicitly assumes cost-minimization behavior, it is rational to assume that fish farms have budget constraint and that they minimize costs of production (Kaliba et al. 2007 ).
Results and discussion
Sharma and Leung (2003) have reviewed efficiency studies and reported that productivity growth is important for the development of aquaculture. For instance, better management or innovation may lead to increased productivity growth because larger outputs would be produced with the same inputs mix.
In this study, MPI was employed to estimate TFP and its two components, EFFCH and TECHCH. Evidence from previous studies shows that the application of this technique to measure productivity growth analysis is limited in aquaculture as earlier mentioned Vassdal and Holst 2011; Hassanpour et al. 2010; Kaliba et al. 2007 ). Therefore, this study will add information to the existing literature on productivity growth analysis in aquaculture.
Total factor productivity (TFP) growth
The results obtained from Malmquist Index are illustrated in Table 2 . The findings have revealed that all means of EFFCH, TECHCH, PECH, SECH, and TFPCH are all positive and greater than one. The average growth rate of TFP has been estimated to be 3.7 %, which indicates progress in productivity growth. Despite this, the productivity growth is lagging far behind annual production growth rate of about 10 % perhaps due to more input usage by the cage fish farmers that was not proportional to output increase. However, this higher production growth rate indicates the possibilities to enhance TFPCH through technological development and more effective managerial skills. Thus, the question that need to be addressed is what measures should be taken to increase productivity growth. Therefore, there is a need to estimate the components of TFPCH (EFFCH and TECHCH) and use these findings to draw conclusion that will serve as a guide to formulate more effective strategy to enhance productivity growth. Components of TFPCH The contribution of EFFCH and TECHCH to TFPCH (3.7 %) is almost equal in this study with 1.9 % increase in efficiency (catch-up effect) as well as 1.8 % upward shift in the production technology. This implies that there were both adoption of new or improved technology and improvement in managerial skills by the cage fish farmers to shift up the production frontier between the two periods under consideration. An explanation for positive catching-up effect (EFFCH) could be the adoption of good aquaculture practices through active participation in farm certification program introduced by the government. Furthermore, the diversification of species and introduction of breeding program may be the reason for shift-up in production frontier (TECHCH). As earlier mentioned, EFFCH consists of two components, PECH and SECH. The PECH deals with managerial efficiency change, whereas SECH deals with changes in farm size. In this study, the most important contribution of EFFCH has been the PECH with an average growth rate of about 1.2 %, which implies improvement in inputs allocation efficiency. However, the contribution of SECH to average EFFCH growth rate has been only 0.7 % (\1), hence indicating regressing in growth (Fig. 1) , despite various efforts made by the government to allocate more water bodies for cage fish farming. Perhaps, the cage farmers may have limited resources in terms of capital input to expand their farms sizes over these two periods and benefit from scale economies. In consistent to this finding, Hassanpour et al. (2010) analyzed the productivity growth of rainbow trout aquaculture in Iran over a period of 5 years and found an average TFP growth rate of 3.7 %. This growth rate, however, is mostly contributed by EFFCH but not TECHCH. Similar, Martinez-Cordero and Leung (2004) also reported that EFFCH has mainly contributed to shrimp farming industry in Mexico. Kaliba et al. (2007) studied the efficiency change and technological progress, 1986 to 2005, in catfish processing sector (USA) and reported that there was no any TECHCH under the period of study. Thus, TFPCH was solely due to EFFCH. Vassdal and Holst (2011) Growth paths of total factor productivity (TFP) Three growth paths have been developed based on percentage contribution of fish farmers in order to have depth insight of TFP. These three growth paths are regressive (negative), static (neutral) and progressive (positive) as illustrated in Table 3 . The results showed that about 79.3 % of sample fish farms experienced positive TFPCH growth, while only 20.7 % had negative growth. However, the most important contribution to TFP growth comes from TECHCH, where 86.2 % of the fish farmers experienced growth and only 13.8 % had negative growth. This finding is in conformity with and Vassdal and Holst (2011) , in which they have also reported that TECHCH was the most important determinants of TFP growth.
In case of EFFCH, about 62.1 % of the sample fish farmers had experienced positive growth, whereas 31.0 % had negative growth. Furthermore, 6.2 % of fish farmers had no growth under EFFCH, i.e., static. However, most of the cage fish farms that experience declining in productivity growth (regress) are similar in terms of having lower TFPCH score when compared to the rest of farms. Perhaps, they failed to adopt the good aquaculture practices or introduced technology that benefits the successful farms. This also could be due to some unforeseen circumstances beyond the control of the farmers such as diseases and climatic factors (rainfall, temperature or humidity).
Conclusion and recommendations
Increment in an annual production growth rate, however, does not guarantee increase in productivity growth. The results revealed that the average productivity growth rate (3.7 %) is less than annual production growth (10 %). Nevertheless, the farms have positive growth on average but may still have potential to increase their productivity since increase in inputs is not proportional to increase in output. Similarly, both EFFCH and TECHCH have shown positive growth with almost equal percentage contribution to TFPCH. However, the EFFCH and TECHCH have jointly contributed to about 1.9 and 1.8 % growth rate to TFP. EFFCH is further subdivided into two categories, PECH and SECH. The PECH has positive growth, but the SECH regresses to value less than one. An explanation of this scenario could be that the sample farms are operating at small-scale level and hence does not benefit from economies of scale. Efforts should be made by both government and private sectors to provide facilities in terms of loan or capital to enable these small-scale farmers expand their farms. Three growth paths (negative, static and positive) are developed in order to have in-depth insight of EFFCH and TECHCH contributions to TFP. The results indicated that EFFCH have contributed about 62.1 % positively and 31 % negatively to TFP. Similarly, TECHCH contributions to TFP are 86.2 % positively and only 13.1 % negatively. Additionally, TECHCH had not experienced any static growth rate, whereas EFFCH has experienced about 7.0 %. The growth paths analyses have shown that the contribution of TECHCH to TFP is higher than EFFCH even though the percentage productivity growth rate has revealed that the contribution of both EFFCH and TECHCH to TFPCH were similar. Improvement in TFP should, therefore, focus more on managerial skills of the farmers in addition to innovation and research in order to shift up production frontier. This can be achieved through training on how to use inputs efficiently and regular participation of farmers in field demonstrations or plot fish farms. However, participation of the training should be made mandatory to all registered cage fish farms to ensure that they have acquired the technical knowledge for proper management of their resources. Moreover, research institutes should be encouraged to produce genetically modified species that mature early, so as to cut-down the input usage and subsequently enhance productivity growth.
This study used data from only two periods to estimate TFP index. Despite this limitation, the study has contributed to current literature on productivity growth analysis in aquaculture. However, as strategy to have greater source of panel data, the authority concerned should try to impose on all registered fish farmers to provide detailed information on their production costs, quantity of inputs usage and outputs every year by filling a well-structured questionnaire. In addition, socioeconomic characteristics and farm-specific information should be provided. Any farmer who fails to provide this information should not have his license renewed in order to encourage them to cooperate. Hence, bank data should be formed for the recording of the information. The panel data obtained can then be used in future research to evaluate productivity growth in aquaculture. This will have a long-term effect on sustaining the industry.
